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于 2008 年 7~9 月参加中国第 3 次北极科学考察航次，获得白令海、楚科奇
海及加拿大海盆海域 24 份表层沉积物样品，系统分析了 Cu、Pb、Zn、Cd、Cr、
Mn、V 等 7 种重金属元素及 14 种 PCB 的含量，测定了沉积物的粒径分布及其
有机碳(TOC)与炭黑(BC)含量，研究探讨了重金属和 PCBs 的分布特征及二者在
北冰洋区域的输入途径和控制因素。主要结果如下：  
表层沉积物中 PCBs 含量范围为 21.94 – 639.26 pg/g dw。其中，白令海与白
令海峡海域表层沉积物中 ΣPCBs 的含量范围为 21.94 – 152.25 pg/g dw，平均值为
71.31 pg/g dw；楚科奇海沉积物中 ΣPCBs 的含量范围为 60.55 – 639.26 pg/g dw，
平均值为 193.43 pg/g dw；加拿大海盆站位表层沉积物中 ΣPCBs 的含量范围为




对沉积物中 PCBs 的同系物组成及输入途径分析表明，不同氯代数的 PCBs 
进入研究区域的途径不同，三氯代 PCBs 主要来自于大气输送，高氯代 PCBs 则
来自于洋流及海冰运移，而五氯代和六氯代 PCBs 则反映出陆源的影响。其中，
三氯代 PCBs 是本研究区域沉积物中 PCBs 的最主要同系物，占 ΣPCBs 的 44% - 
95%，表明全球分馏效应控制着白令海、楚科奇海及加拿大海盆表层沉积物中
PCBs 的分布。此外，研究表明 PCBs 除受长距离输运的控制外，还可能受到陆
源输入的影响。对沉积物中 PCBs 与沉积物粒径、TOC、BC 相关关系分析表明，
PCBs 和 TOC 及 BC 之间均表现出较好的相关性，且后者随氯代原子数减小而逐
渐增强，这表明TOC 和BC 是控制该区域沉积物中 PCBs 分布的另一重要因素。 
白令海、楚科奇海及加拿大海盆表层沉积物中重金属 Zn 的含量为 21.06 
mg/kg – 168.21 mg/kg(平均 97.18 mg/kg)，Cr 为 8.91 mg/kg – 46.94 mg/kg(平均
28.60 mg/kg)，Cu 为 2.69 mg/kg – 49.39 mg/kg(平均 19.30 mg/kg)，V 为 32.46 mg/kg 
– 185.54 mg/kg(平均 99.80 mg/kg)，Cd 为 0.09 mg/kg – 0.92 mg/kg(平均 0.28 







































During July-September 2008, the 3rd Chinese National Arctic Research 
Expedition took place. 24 surface sediment samples were collected from Bering sea, 
Chukchi sea and Canada Basin which were analyzed for 7 heavy metals and 14 PCBs 
congeners.  
PCBs concentrations in study area ranged from 21.94 to 639.26 pg/g dw. The 
∑PCBs values are from 21.94 to 152.25 pg/g dw, 60.55 to 639.26 pg/g dw and 23.66   
to 604.86 pg/g dw in surface sediments from Bering sea, Chukchi sea and Canada 
Basin, respectively. Compared with other marginal seas around the world and studies 
in the Arctic, ∑PCBs in study area is much lower. There is a spatial variation for 
∑PCBs contents in this study and the trend in a increasing order is as following: 
Canada Basin, Bering sea and Chukchi sea. 
Tri-PCBs are the controlling homologue at all stations, accounting for 44% to 
95% of the total PCBs, which means that Global fractioning influenced the 
distribution of PCBs in study area. Principal components analysis is used to determine 
routes of different homologues. The atmospheric long-range transport is a more 
efficient pathway for tri-PCBs, while most of hepta- and deca-PCBs enter study areas 
by ocean currents and sea-ice transport. The dominant source of penta- and 
hexa-PCBs is terrestrial input. The positive correlation is demonstrated among PCBs 
homologues, total organic carbon (TOC) and black carbon (BC). The relationship is 
weaken as chlorine atomicity increasing, indicating that organic contents can also 
influence PCBs distributions in surface sediments.  
It is found that contents of 7 heavy metals in surface sediments from study area 
are in the following ranges: 21.06 mg/kg to168.21 mg/kg for Zn (averaged 97.18 
mg/kg), 8.91 mg/kg – 46.94 mg/kg for Cr (averaged 28.69 mg/kg) , 2.69 mg/kg – 
49.39 mg/kg (averaged 19.30 mg/kg) for Cu，32.46 mg/kg – 185.54 mg/kg for V 
( averaged 99.80 mg/kg), 0.09 mg/kg – 0.92 mg/kg for Cd (averaged 0.28 mg/kg)，















11445.27mg/kg for Mn (averaged 1740.90 mg/kg). The distributions of heavy metals 
in the surface sediments show a trend that concentrations rise with the latitude grows. 
High heavy metal values locate at the north of Chukchi Sea and coastal areas along 
Alasca. The concentrations of the heavy metals in the surface sediments decrease with 
the increase of grain size of sediments. There is a notable positive correlation between 
heavy metals and clay contents and the correlation is poor between heavy metals and 
organic carbon contents. This is because many confounding factors influence the 
levels and trends of heavy metals in surface sediments in this study.     
 























Organic Pollutants，POPs)，也是斯德哥尔摩公约中优先控制的 12 种 POPs 之一。




图 1.1 多氯联苯的分子结构 





系列是最主要的 PCBs 工业品，由美国 Monsanto 化学公司生产，系列工业品主
要包括 Aroclor1221、Aroclor1232、Aroclor1242、Aroclor1254、Aroclor1260 和


















表 1.1 Aroclor 系列工业品中各种 PCB 同族体的百分组成 
Tab.1.1 The general compositions of PCB homologies in some Aroclors 
Aroclor Aroclor Aroclor Aroclor Aroclor Aroclor Aroclor
 
1016 1221 1232 1242 1254 1260 1268 
一氯联苯 0.7 60.1 27.5 0.7 0.02 0.02 - 
二氯联苯 17.5 33.4 26.8 15 0.09 0.1 0.1 
三氯联苯 54.7 4.2 25.6 44.9 0.4 0.2 0.3 
四氯联苯 22.1 1.1 10.6 20.2 4.9 0.3 4.4 
五氯联苯 5.1 1.2 9.4 18.9 71.4 8.7 10.6 
六氯联苯 - - 0.2 0.3 22 43.3 40.7 
七氯联苯 - - 0.03 - 1.4 38.5 33.4 
八氯联苯 - - - - - 8.3 9.4 
九氯联苯 - - - - 0.4 0.7 1.2 





间(Mackay, et al., 1991)。根据氯原子取代数目的不同，PCBs 同族体之间表现出
迥异的物理化学性质，如表 1.2 所示。随着氯原子取代数的增加，PCBs 的溶解
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